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6(0 WKHUPR JUDYLPHWULF DQDO\]HU
7*$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,QWURGXFWLRQ
,WZDVZHOONQRZQWKDWFRUURVLRQFDXVHVHQRUPRXVLQGXVWULDOORVVHVZKLFKIXUWKHUGHSOHWHRXUQDWXUDOUHVRXUFHV
,QJHQHUDORUJDQLFFRDWLQJV²XVXDOO\RUJDQLFSRO\PHUV²DUHDSSOLHGRQWRPHWDOOLFVXEVWUDWHVLQRUGHUWRDYRLGWKH
GHWULPHQWDO HIIHFW RI FRUURVLRQ 'XULQJ LWV VHUYLFH OLIH WKH FRDWLQJ XQGHUJRHV FKDQJHV LQ PHFKDQLFDO SURSHUWLHV
OHDGLQJWRIRUPDWLRQRIPLFURFUDFNVZKLFKVXEVHTXHQWO\SURSDJDWHVDQGH[SRVHVVXEVWUDWHWRDWPRVSKHULFPRLVWXUH
DQG R[\JHQ>@ 3DLQW FRDWLQJV FDQ EH FRQVLGHUHG DV PXOWLOD\HUHG V\VWHPV RI FRPSRVLWH PDWHULDOV FRPSULVLQJ
ELQGHUVDQGSLJPHQWV+HQFHWKHFRQFHSWRIVHOIKHDOLQJRIFUDFNVDVUHSRUWHGIRUFRPSRVLWHVFDQEHDGRSWHGIRU
FRDWLQJV WRSURYLGH ORQJHU VHUYLFHGXUDELOLW\'LIIHUHQW WHFKQLTXHVKDYHEHHQGHYHORSHGDQGDGRSWHGIRU UHSDLULQJ
GHWHFWDEOHGDPDJHVRQWKHFRDWLQJV+RZHYHUWKHVHFRQYHQWLRQDOUHSDLULQJPHWKRGVDUHFRVWO\WLPHFRQVXPLQJDQG
UHTXLUHUHOLDEOHGHWHFWLRQWHFKQLTXHVDQGDVNLOOHGZRUNIRUFH,QDGGLWLRQWKH\DUHPDLQO\DSSOLFDEOHWRWKHUHSDLURI
H[WHUQDODQGDFFHVVLEOHGDPDJHV LQVWHDGRI WKH LQWHUQDODQG LQYLVLEOHPLFURFUDFNV>@'HYHORSPHQWRIVHOIKHDOLQJ
SRO\PHULFPDWHULDOVLVWKXVH[SHFWHGWRILOOWKLVWHFKQRORJLFDOJDS>@
5HVHDUFKRQVHOIKHDOLQJSRO\PHUVKDVGHPRQVWUDWHGUHSDLULQJRIEXONPHFKDQLFDOGDPDJHRIDSURGXFWDVZHOODV
GUDPDWLF LQFUHDVHRI LWV VHUYLFH OLIH>@7KHPRVW FRPPRQDSSURDFKHV IRU VHOIKHDOLQJRI WKHSRO\PHU FRDWLQJ
OD\HULQYROYHVLQFRUSRUDWLRQRIVHOIKHDOLQJUHDJHQWVZLWKLQDYDVWDPRXQWRIVPDOOEULWWOHYHVVHOV>@DQGWKHQ
WKHYHVVHOVZLWKWKHVHOIKHDOLQJUHDJHQWVDUHPL[HGLQWRWKHSRO\PHULFPDWUL[7KHVHYHVVHOVIUDFWXUHXSRQORDGLQJ
RI WKH FRDWLQJ UHOHDVLQJ WKH ORZYLVFRVLW\ VHOIKHDOLQJ UHDJHQWV WR WKHGDPDJHG DUHD IRU FXULQJ DQG ILOOLQJRI WKH
PLFURFUDFNV>@ 5HFHQWO\ WKHUH KDV EHHQ JURZLQJ LQWHUHVW LQ XVH RI PLFURHQFDSVXODWHG UHDFWLYH PRQRPHUV IRU
KHDOLQJRIFUDFNVJHQHUDWHGGXULQJVHUYLFHRIIXQFWLRQDOFRDWLQJV
+HUHZH UHSRUWRXU UHVXOWVRQGHYHORSPHQWRI VHOIKHDOLQJFRDWLQJVZLWKPLFURHQFDSVXODWHGHSR[\ UHVLQV7KH
SRO\R[\PHWK\OHQHXUHD308PLFURFDSVXOHVFRQWDLQLQJWKHPL[WXUHRIHSR[\UHVLQV%*(DQG(DUHSURGXFHG
E\ LQ±VLWX SRO\PHUL]DWLRQ WHFKQRORJ\ ,Q WKH SRO\PHUL]DWLRQ WKH KRW ZDWHU GLOXWLRQ LV XVHG WR GLVWUDFW WKH
PLFURFDSVXOHVZKLFKDYRLGHGWKHSRO\PHUGLVSHUVDQWHIIHFWRQWKHPLFURFDSVXOHVSHUIRUPDQFH
0DWHULDOVDQGPHWKRGV
3UHSDUDWLRQDQGFKDUDFWHUL]DWLRQRIPLFURFDSVXOHV
$W URRPWHPSHUDWXUHJXUHDJDPPRQLXPFKORULGHDQGJUHVRUFLQROZHUHGLVVROYHG LQD URXQGIODVN
ZLWKPOGHLRQLVHGZDWHU7KHS+ZDVDGMXVWHGWRDSSUR[LPDWHO\E\XVLQJZWVROXWLRQRIK\GURFKORULF
DFLGLQGHLRQLVHGZDWHU7KHQPOFRUHPDWHULDOHSR[\%*(DQG( ZDVDGGHGVORZO\WRIRUPDQHPXOVLRQ
DQG DOORZHG WR VWDELOL]H IRU PLQ XQGHU DJLWDWLRQ $IWHU VWDELOL]DWLRQ  J RI  ZW DTXHRXV VROXWLRQ RI
IRUPDOGHK\GH ZDV DGGHG 7KH IODVN ZDV VXVSHQGHG LQ D WHPSHUDWXUHFRQWUROOHG ZDWHU EDWK ZLWK DQ H[WHUQDO
WHPSHUDWXUHSUREH7KHHPXOVLRQZDVFRYHUHGDQGVORZO\KHDWHGDQGPDLQWDLQHGDWXQGHUVWLUULQJDWUSPIRU
K&RQWHQWVZHUHFRROHGWRDPELHQWWHPSHUDWXUHWKHVXVSHQVLRQRIPLFURFDSVXOHVZDVULQVHGZLWKGHLRQL]HGZDWHU
DQGYDFXXPILOWHUHG0LFURFDSVXOHVZHUHGULHGXQGHUYDFXXPEHIRUHIXUWKHUDQDO\VLV
6XUIDFHPRUSKRORJ\VL]HDQGVKHOOWKLFNQHVVRIPLFURFDSVXOHVZHUHDQDO\]HGE\VFDQQLQJHOHFWURQPLFURVFRS\
6(0 48$17$ 7KH GULHG SRZGHUV RI VLHYHG PLFURFDSVXOHV ZHUH SODFHG RQ D FRQGXFWLYH FDUERQ WDSH
DWWDFKHGWRDPRXQWLQJSLHFHIRULPDJLQJ7KHVL]HGLVWULEXWLRQRIPLFURFDSVXOHZDVFDUULHGRXWZLWKDSDUWLFOHVL]H
DQDO\]HU%HFNPDQ&RXOWHU/67KHVDPSOHVZHUHDOVRDQDO\]HGXVLQJWKHUPRJUDYLPHWULFDQDO\]HU7*$
1(7=6&+67$&LQQLWURJHQHQYLURQPHQWZLWKDVDPSOHZHLJKWRIDERXWPJ+HDWLQJUDWHZDVPDLQWDLQHG
DWPLQLQWKHWHPSHUDWXUHUDQJHRI±7KHIOX[RIQLWURJHQRIPHWKRGVLVPOPLQ
7KHVHOIKHDOLQJH[SHULPHQWVRIDQWLFRUURVLRQFRDWLQJZLWKPLFURFDSVXOHV
7KH PRGHO V\VWHP FRQVLVWV RI DQ HSR[\ UHVLQ PDWUL[  ZW 8UHDIRUPDOGHK\GH 8)PLFURHQFDSVXODWHG
KHDOLQJDJHQWZWSKDVHVHSDUDWHGFDWDO\VWVROXWLRQ7KHSHUFHQWDJHVRIHDFKFRPSRQHQWDUHVHOHFWHGEDVHGRQ
RXUSULRUH[SHULPHQWVRQVHOIKHDOLQJRIEXONPDWHULDOV
$OO FRDWLQJV ZHUH DSSOLHG WR FROGUROOHG VWHHO VKHHWV XVLQJ D PLFURPHWHUFRQWUROOHG GRFWRU EODGH &RDWLQJ
VROXWLRQVZHUH DSSOLHG WR RQH HQG RI WKH VXEVWUDWH DQG WKH GRFWRU EODGHZDV XVHG WR VSUHDG D XQLIRUPWKLFNQHVV
FRDWLQJ
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7KHVHOIKHDOLQJ IXQFWLRQRI WKLVFRDWLQJ V\VWHP LVHYDOXDWHG WKURXJKFRUURVLRQ WHVWLQJRIGDPDJHGDQGKHDOHG
FRDWHGVWHHOVDPSOHVFRPSDUHG WRFRQWUROVDPSOHV'DPDJH LV LQGXFHGE\KDQGVFULELQJ WKURXJK WKHPWKLFN
FRDWLQJDQGLQWRWKHVXEVWUDWHXVLQJDELVWRXU\EODGH)LJDQG)LJ)ROORZLQJWKHVFULELQJSURFHGXUHVDPSOHV
ZHUHDOORZHGWRKHDODWIRUKDQGWKHQLPPHUVHGLQZWDTXHRXV1D&OVROXWLRQ
(OHFWURFKHPLFDOWHVWLQJSURYLGHVIXUWKHUHYLGHQFHRISDVVLYDWLRQRIWKHVXEVWUDWHE\VHOIKHDOLQJFRDWLQJV,QWKHVH
H[SHULPHQWV VDPSOHV ZHUH GLVSRVDEOHV OLNH )LJ WKH FRDWHG VWHHO VDPSOH VHUYHV DV RQH HOHFWURGH LQ DQ
HOHFWURFKHPLFDO FHOO )LJ  7KH VWHDG\VWDWH FRQGXFWLRQ EHWZHHQ WKH FRDWHG PHWDO VXEVWUDWH DQG D SODWLQXP
HOHFWURGHKHOGDW9WKURXJKDQDTXHRXVHOHFWURO\WHZW1D&OZDVPHDVXUHG)LJ
 
)LJ20LPDJHVRIVDPSOHEHLQJVFULEHG)LJ6(0LPDJHVRIWKHVFULEHGUHJLRQRIWKHFRDWLQJ
 
)LJ6FKHPDWLFGLDJUDPRIVDPSOHVEHLQJVFULEHG)LJ6FKHPDWLFGLDJUDPRIWKHHOHFWURFKHPLFDOWHVW
5HVXOWVDQGGLVFXVVLRQ
$QDO\VLVRIPLFURFDSVXOHVFKDUDFWHUL]DWLRQ
6XUIDFHPRUSKRORJ\DQGVL]HRIPLFURFDSVXOHVZHUHDQDO\]HGE\VFDQQLQJHOHFWURQPLFURVFRS\)LJVKRZVWKH
6(0PLFURJUDSKVRIDFDSVXOHVL]HDQGEPLFURFDSVXOHVKHOOPRUSKRORJ\7KHVL]HRIPLFURFDSVXOHLVDERXW
PWKHVKHOOPRUSKRORJ\RIWKHFDSVXOHLVJUDQXODWHG)LJVKRZVWKHSDUWLFOHVL]HGLVWULEXWLRQRIPLFURFDSVXOHV
7KHVL]HUDQJHVIURPWRP+RZHYHUPRVWRIWKHSDUWLFOHVIDOOLQWKHVL]HUDQJHDURXQGP7KLVLVTXLWH
VDWLVIDFWRU\IRUXVLQJLQSDLQWV8SRQWKHUPRJUDYLPHWULFDQDO\VLV7*$H[KLELWDSULPDU\ZHLJKWORVVVWDUWLQJQHDU
WKHERLOLQJSRLQWRIFKORUREHQ]HQH   DQGD VHFRQGDU\ZHLJKW ORVV VWDUWLQJDW  7KHPLFURFDSVXOHVDUH
FKHPLFDOO\VWDEOHEHORZ LQGLFDWLQJWKDWWKHSUHSDUHGPLFURFDSVXOHVKDYHDJRRGWKHUPDOVWDELOLW\
$QDO\VLVRIFRUURVLRQWHVWLQJ
)RUPRSWLFDOPLFURVFRS\ DQG VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 LPDJHVRI WKH VFULEH UHJLRQ LQ FRQWURO DQG
VHOIKHDOLQJFRDWLQJVUHYHDOVWKHPRUSKRORJ\RIWKHUHSDLUHGFRDWLQJDOOFRQWUROVDPSOHVUDSLGO\FRUURGHGZLWKLQ
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K DQG H[KLELWHG H[WHQVLYH UXVW IRUPDWLRQ PRVW SUHYDOHQWO\ ZLWKLQ WKH JURRYH RI WKH VFULEHG UHJLRQV EXW DOVR
H[WHQGLQJDFURVVWKHVXEVWUDWHVXUIDFH)LJDQG)LJ,QGUDPDWLFFRQWUDVWWKHVHOIKHDOLQJVDPSOHVVKRZHGQR
YLVXDO HYLGHQFH RI FRUURVLRQ HYHQ  K DIWHU H[SRVXUH )ORZ RI KHDOLQJ DJHQW DQG FDWDO\VW LQWR WKH VFULEH DQG
UHFRDWLQJRIWKHVXEVWUDWHLVUHDGLO\DSSDUHQW)LJDQG)LJ6HSDUDWHFRQWUROWHVWVUHYHDOWKDWWKHSUHVHQFHRI
ERWKWKHKHDOLQJDJHQWDQGFDWDO\VWDUHQHFHVVDU\IRUVHOIKHDOLQJIXQFWLRQDOLW\5HPRYDORIHLWKHUSKDVHUHVXOWVLQD
FRDWLQJZKLFKFRUURGHVUDSLGO\SURYLGLQJDFOHDULQGLFDWLRQWKDWVLPSOHUHIORZRIRQHRIWKHSKDVHVLQWRWKHFUDFNLV
QRWVXIILFLHQWWRSUHYHQWFRUURVLRQ
 
)LJ6(0PLFURJUDSKVDVL]HRIWKHPLFURFDSVXOHVEWKHURXJKH[WHULRUVKHOOZDOO

     






:
HLJ
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

7HPSHUDWXUH 
)LJ6L]HKLVWRJUDPIRUPLFURFDSVXOHV)LJ7*$DQDO\VLVRIPLFURFDSVXOHV
 
)LJ20LPDJHVRIFRQWUROVDPSOHDIWHUKFRUURVLRQ)LJ6(0LPDJHVRIFRQWUROVDPSOHDIWHUKFRUURVLRQ
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 
)LJ20LPDJHVRIVHOIKHDOLQJFRDWLQJDIWHUKFRUURVLRQ)LJ6(0LPDJHVRIVHOIKHDOLQJFRDWLQJDIWHUKFRUURVLRQ
$QDO\VLVRIHOHFWURFKHPLFDOWHVWLQJ
,QWKHHOHFWURFKHPLFDOWHVWLQJRIWKHVFULEHUHJLRQLQFRQWURODQGVHOIKHDOLQJFRDWLQJVWKHFXUUHQWSDVVLQJWKURXJK
WKHFRQWURODQGVHOIKHDOLQJFRDWLQJVEHIRUHVFULELQJZHUHQHDUO\LGHQWLFDO×$$IWHUVFULELQJVDPSOHV
ZHUHDOORZHG WRKHDODQGZHUH WHVWHG LQ WKHHOHFWURFKHPLFDOFHOO)URPILJXUH WKHFXUUHQWSDVVLQJ WKURXJK WKH
VFULEHGFRQWUROVDPSOHVZDVTXLWH ODUJH×$FRPSDUHG WR WKHXQGDPDJHGVWDWHDQGZHQRWHGUDSLGJDV
HYROXWLRQIURPWKHVFULEHGUHJLRQGXULQJWKHWHVW7KHVHOIKHDOLQJVDPSOHVVKRZHGDGUDPDWLFDOO\UHGXFHGFXUUHQW
×∼×$6HOIKHDOLQJFRDWLQJVKRZWKHPRVWVDPHFXUUHQWDVVDPSOHVKDGQRVFULELQJDQGQR
JDVHYROXWLRQLVREVHUYHGIURPWKHVHOIKHDOLQJVDPSOH
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
)LJ&XUUHQWYHUVXVWLPHIRUVFULEHGFRQWURODQGVHOIKHDOHGVDPSOH
&RQFOXVLRQV
&RUH PDWHULDO HSR[\ %*( DQG ( KDG EHHQ VXFFHVVIXO HQFDSVXODWHG LQWR XUHD±IRUPDOGHK\GH VKHOO
0LFURFDSVXOHV KDYLQJ VXIILFLHQW VWUHQJWK WR ZLWKVWDQG VKHDU JHQHUDWHG GXULQJ PL[LQJ LQ WR SDLQW DQG SDLQW
DSSOLFDWLRQ7KHURXJKPRUSKRORJ\RIPLFURFDSVXOHVKHOOKDVSURYLGHGJRRGDQFKRULQJEHWZHHQPLFURFDSVXOHDQG
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